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Routing a call between different types of networks 
Field of the invention 

The present invention generally relates to call routing, 
and especially to routing a call originating from a circuit 
switched network and terminating to a packet switched network. 

Background of the invention 

Mobile telecommunication networks can be divided into 
circuit switched networks and packet switched networks. In cir- 
cuit switched networks, a circuit for communication is allocated 
prior to the beginning of the transmission. An example of such 
kind of a network is the GSM network (Global System for Mobile 
Communications) . In this application circuit switched networks 
are denoted as CS networks. 

In GSM a mobile services switching center an MSC is con- 
nected not only to other mobile services switching centers of the 
operator's network but also through a gateway mobile services 
switching center GMSC to other networks, such as a public tele- 
phone network PSTN, another public land mobile network PLMN or an 
ISDN network. Subscriber information of a mobile station MS is 
stored permanently in the Home Location Register HLR and temporar- 
ily in that Visitor Location Register VLR in the area of which the 
mobile station MS is located at each time. Thus, for each mobile 
terminal the home location register HLR stores the MSISDN number 
of the terminal, IMSI (International Mobile Subscriber Identity), 
and routing information to that visitor location register VLR that 
knows location of the mobile terminal at that moment. In other 
words, mobile station's location information stored in the regis- 
ters of the mobile communications system is used in routing of 
calls. Based on location information available from the home loca- 
tion register HLR and from the visitor location register VLR, the 
incoming call can be routed to that mobile services switching cen- 
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ter MSC in the area of which the mobile terminal of the called 
subscriber is located. Normally the call is routed to a GMSC in 
the called subscriber's home network. The GMSC sends, using the 
MAP protocol, an inquiry to the HLR. The HLR asks visitor location 

5 register VLR under which the called subscriber is currently lo- 
cated for information on the called subscriber for setting up the 
call. The visitor location register VLR gives the required infor- 
mation about the mobile station MS, including routing information 
identifying MSC where the called subscriber is located. That rout- 
10 ing information is called Mobile Station Roaming Number MSRN. 

The HLR responds with a message containing the MRSN to the 
gateway mobile services switching center GMSC. The GMSC sends an 
initial address message I AM towards the MSC, identified by the 

ry MSRN, under which the called subscriber is currently located. 
1;fj It is common to all circuit switched networks that they 

%l use E164 numbering system, i.e. MSISDN numbers are shared be- 

Ul tween operators, each operator holding its own range of MSISDN 

' !?s numbers. 

□ A new packet switched network enabling operators of mo- 
2|j bile telecommunications networks to offer their subscribers mul- 

q timedia services based on and built upon Internet applications, 

□ services and protocols is being standardized in 3GPP (3 rd Genera- 
tion Partnership Project) . This network is called IP Multimedia 
Subsystem (IMS) . The more detailed implementation of IMS network 

25 is beyond the scope of this application and is therefore not 
discussed in detail. Reference is given to the 3GPP specifica- 
tion documents for a reader is interested to have more informa- 
tion about this topic. 

I general IMS should enable the convergence of, and ac- 

30 cess to, voice, video, messaging, data and web-based technolo- 
gies for the wireless user, and combine the growth of the Inter- 
net with the growth in mobile communications. IMS is a packet 
switched system where in addition to E.164 number mobile termi- 
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nals can have a logical name (e.g. SIP URL as defined in RFC2 543 
and RFC23 96) . 

The core network part of IMS network is called IP Multi- 
media CN subsystem (IM CN SS) and it comprises all core network 
5 elements for provision of multimedia services. This includes the 
collection of signaling and bearer related network elements. The 
element of IMS network that is most relevant to this invention 
is Media Gateway Control function (MGCF) . Media Gateway Control 
function is responsible for the inter-working with circuit 

10 switched networks such as PSTN. Again the actual implementation 
of MGCF is irrelevant. In the viewpoint the invention presented 
here it is sufficient that the packet switched network has an 
entity or entities that are capable of receiving signaling form 

S| and sending signaling to circuit switched network. 

1:%f IP multimedia services are based on an IETF defined ses- 

m sion control capability that, along with multimedia bearers, 
*;M utilizes the packet switched domain. In order to achieve access 
J independence and to maintain interoperation with fixed terminals 
p across the Internet, the IP Multimedia Subsystem attempts to be 
■2jip( conformant to IETF w Internet standards. Therefore the interfaces 
□ conform to Internets standards when an IETF protocol has been 
selected. The most used protocol is SIP (Session Initiation Pro- 
tocol) . 

Usually different MSISDN number ranges are allocated to 
25 the different operators . For example the subscribers in the op- 
erator A's network have they MSISDN number in a different range 
that subscribers from the network of operator B. However, ar- 
rangements have been made for offering subscribers having an 
MSIDN number to port the number to another networks. Mobile Num- 
30 ber Portability (MNP) is the ability for a UMTS or GSM mobile 
subscriber to change the subscription network within a portabil- 
ity domain whilst retaining the original MSISDN. 

In order to enable the mobile number portability it has 
been developed a function called Signaling Relay Function for 
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support of MNP (abbreviation is MNP-SRF) . In a PLMN that sup- 
ports mobile number portability, messages sent to an HLR may be 
relayed by said function MNP-SRF. Depending on the implemented 
solution, on the type of message (call -related or non-call- 
5 related) and on the porting status of the called subscriber, the 
MNP-SRF may modify the called party address and route the mes- 
sage to a different HLR or to the subscription network or re- 
spond with routing information identifying the called sub- 
scriber's subscription network. 
10 FIG. 1 illustrates the role of signaling relay function 

MNP-SRF for support of MNP. A user of mobile terminal MS A in CS 
network A wants to call subscriber B whose MSISDN number is held 
W by an operator of CS network B but who is at the moment sub- 
£g scribed to network C. Mobile terminal MS A originates a call to 
W the recipients MSISDN. Mobile switching center sends an I AM mes- 
sage containing the recipients MSISDN B number to gateway MSC A of 
U| the CS network A. The MSISDN number tells the number range 
holder network of MS B wherein GMSC A sends a message to GMSC B in 
q the recipient's number range holder network B, phase 1. GMSC B 
2& requests routing information by sending a SRI message (Send 
g Routing Info) to MNP-SRF B , phase 2. The SRI message contains the 
U recipients MSISDN -number. When MNP- SRF B has received the rnes- 
r "" sage, it analyses it, makes a database inquiry and identifies 
the MSISDN being ported into network C. MNP-SRF B has in the data- 
25 base knowledge about all its MSISDN numbers that have ported to 
other networks and also routing information to said networks. 

MNP - SRF B returns to GMSC B a message including routing in- 
formation towards network C and MSISDN B/ phase 3. Now gateway 
mobile switching center B sends I AM message including routing 
30 info and the MSISDN number to GMSC C of network C, phase 4 . The 
GMSC C requests routing information by sending a SRI message to 
the MNP-SRFc, phase 5. The SRI message contains the recipient's 
MSISDN number, the routing information received from the GMSC B is 
not provided to the MNP-SRF. When MNP-SRF C has received the mes- 
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sage, it analyses it, makes a database inquiry and identifies 
the MSISDN being ported into network C. MNP-SRF C has in the data- 
base knowledge about all other network's MSISDN numbers that 
have ported to network C and also routing information towards 
5 the correct HLR in network C. The MNP-SRF C modifies the called 
party address of the SRI to point towards the correct HLR and 
routes the message towards the HLR, phase 6. The HLR requests 
MSRN from the VLR and responds with a message containing the 
MSRN to the GMSC, phase 7. After that the call is routed through 
10 MSC to mobile terminal MS B . 

In the example above all the networks are circuit 
switched networks (CS) . The situation is, however, different 
^: when the PS and CS domains coexist and there are subscribers 
tM having access to services of both domains. If a subscriber has 
1;S subscriptions in both CS and PS domains then it is possible than 
m the same E.164 number can be used for PS sessions like IP multi- 
l M media session and CS speech telephony. This allows subscribers 
who originally had an E.164 MSISDN number to retain the same 

□ number for receiving communications in the IMS domain and also 
2tfi in the CS domain when outside IM coverage. 

□ If the subscriber has chosen to keep his CS MSISDN number 
even when he has a new PS subscription then the call directed to 
this number are directed to the CS domain. This is due that the 
MSISDN number is at the range of the CS operator. So when a per- 

25 son is called to this number a CS originated call will be nor- 
mally routed to the home location register HLR of the CS home 
network in order to reach the mobile subscriber. This can be for 
example due there is no MS roaming number (MSRN) , like in the 
IMS network. MSRN is used in the GSM for routing the call to the 

30 roaming subscriber in the visited MSC (VMSC) . 

This kind of routing is not a problem if the subscriber 
prefers CS domain to PS domain. It is however quite probable 
that when packet switched networks start rolling out that sub- 
scribers start to prefer those. Then the above mentioned prior 
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art type routing because the basic assumption is wrong. If the 
subscriber spends say 90% of his time using PS connection then 
90% of the calls directed to him are first tried to be routed 
via the HLR. This is clearly not an optimum way of using signal - 
5 ing resources . 

Summary of the invention 

The basic idea of the present invention is to devise a 
new functionality operating so that the normal HLR query in the 
circuit switched domain is bypassed and the call is routed to 
10 the IMS domain. This new functionality is named in this applica- 
tion Subscriber Locator and Rerouting function (SLRF) . 
'% According to the invention, upon receipt from a GMSC a 

m SRI message containing the E.164 number, i.e. the MSISDN number 
31 of the called party, the SLRF omits the HLR query but responds 
1:$! to the query sent by the GMSC by SRI_ack message. This message 
UJ comprises information to be used in the routing decisions. When 
^ detecting the routing information the GMSC knows that a routing 

□ message shall be sent to the packet switched network. 

;fl According to the first embodiment of the invention, an 

2&, identif ier (RSI) is used routing and status information may con- 

□ sist of a certain prefix, a routing number, or like, and the 
r " original E.164 number. 

According to the second embodiment of the invention, upon 
receipt from a GMSC a SRI message containing the MSISDN number 

25 of the called party the Subscriber Locator and Rerouting func- 
tion (SLRF) changes the MSISDN number. Then it responds to the 
query sent by the GMSC by sending a message containing routing 
information to the IMS domain and the modified MS I SDN number. 
This embodiment is applicable if the called subscriber has one 

30 E.164 number in the CS domain but another number in the IMS do- 
main, for example. 

Thus, a called subscriber is first tried to be reached in 
the IMS domain where the subscriber is likely residing but if 
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the subscriber has not been registered there, the call is re- 
turned back to the CS domain. Where the GMSC knows on the basis 
of the information provided by the PS network that the call 
should be routed in CS domain. 
5 The proposed new functionality can be preferably incorpo- 

rated into the existing Signaling Relay Function for support of 
MNP (MNP-SRF) . The current HLR functionality remains untouched. 

The invention gives a possibility to provide the IMS pre- 
ferred service to a subscriber who has ported from the CS domain 
10 to the IMS domain and also gives possibility to reach the sub- 
scriber in the CS domain as a roaming subscriber. 



Brief description of the drawings 

The invention is described more closely with reference to 
the accompanying drawings, in which 

Figure 1 illustrates the role of signaling relay function MNP- 
SRF for support of MNP; 
Figure 2 illustrates routing steps according to the first em- 
2G| bodiment of the invention, and 

Q Figure 3 illustrates routing steps according to the second em- 
r "" bodiment of the invention, and 



Detailed description of the first embodiment of the inven- 

25 tion 

The first embodiment of the invention is most relevant in 
situations where the user has same E164 number for both in PS 
and CS domains . 

Fig. 2 depicts signaling messages when routing a call 
30 from PSTN network to a mobile subscriber. The calling party di- 
als the MSISDN number (E.164 number) of the called party. The 
exchange that received dialing in PSTN detects that the number 
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belongs to a mobile subscriber and finds out from the number the 
home network of the called party. Then the exchange sends a mes- 
sage to that network which is a circuit switched network, in 
this example a GSM network. According the prior art this message 
5 could be for example an I AM message (Initial Address Message) 
according to ISUP protocol and contains the MSISDN (i.e. E . 164) 
number of the called party, phase 1 in figure 2. 

The message arrives to a gateway mobile switching center 
(GMSC) of the GSM network. This network supports mobile number 
10 portability (MNP) wherein subscribers having an MSIDN number 
held by that network can port their numbers to another networks. 

According to the prior art proceedings, the GMSC would 
.5 inquire routing information by sending via a signaling network a 
SI SRI message (Send Routing Information) to the Signaling Relay 
tl Function for support of MNP (MNP-SRF) that should relay the SRI 
til message to the HLR. In this invention the GMSC inquires routing 
2 information by sending via the signaling network the SRI message 
'I to the Subscriber Locator and Rerouting function (SLRF) in order 
□ to reach the mobile subscriber in the CS domain, phase 2. The 
2pQ; SRI message is preferably comprised of a destination identifier 
Q of the called party in E.164 type format. So phase 2 of the in- 
! aB f vention differs with that of the prior art in that the SRI mes- 
sage is sent to the SLRF, not to the MNP-SRF . This is of course 
just a naming issue, in practice MNP-SRF and SLRF might even be 
25 in the same element . 

The signaling protocol used is preferably MAP (Mobile Ap- 
plication Part) but the signaling network may be any signaling 
network used in the art. In the prior art preference is normally 
given to the CS domain and its services. But as it is very 
30 likely that in the future the called party would prefer using 
packet switched network and its services, if he has subscribed 
also to the IMS network, but still retains his/her E.164 number 
of the CS network, in this case the MSISDN number. To eliminate 
the probably unnecessary HLR query the SLRF may have actual 
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knowledge that the called party is subscribed to the IMS. Even 
as the SLRF has the knowledge that the user has subscribed also 
in PS network, it doesn't necessarily have knowledge of the cur- 
rent status of the subscriber. That is, the SLRF knows that the 
5 subscriber could be either in CS or in PS domain, but it doesn't 
know where the subscriber currently is. 

In this invention it is assumed that the subscriber is 
most probably roaming in PS network and therefore the call is 
first routed there. Therefore Subscriber Locator and Rerouting 
10 function (SLRF) responds to GMSC by sending a SRI-Ack message to 
GMSC, phase 3. The SRI-Ack message contains routing information 
that is used to rout the call towards PS domain. This routing 
information preferably contains the MSISDN number of the called 
ill party and routing and status information (RSI) . RSI can be a 
tS certain for example a certain prefix, any tag or an E.164 num- 
!|I ber. 

;;Jf The routing status information tells GMSC that a routing 

iS message shall be sent to the IMS domain where the called party 
w is supposed to be registered. Advantageously the routing status 
2ft information is comprises routing information towards the IMS and 
□ subscriber's or call status information. 

!~f Information about the MSISDN numbers that are subscribed 

in IMS domains as well as routing information to said IMS do- 
mains are stored in a database connected to Subscriber Locator 

25 and Rerouting function (SLRF) . Hence, before sending the SRI Ack 
message Subscriber Locator and Rerouting function (SLRF) per- 
forms a data base inquiry in order to obtain routing information 
that concerns the location network of the called party and 
status information . 

30 Thus, the SRI Ack message preferably contains routing and 

status information RSI and the original E.164 number of the 
called party. 

Upon receipt the SRI Ack message GMSC checks RSI included 
in the message. The RSI or its content is a sign to the GMSC 
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that the call shall be routed to the PS domain. Routing informa- 
tion is either a part of the RSI or it can be formed based on 
the RSI. Now the GMSC finds out that the subsequent inquiry has 
to be sent to the entity revealed in the routing information. In 

5 this example routing information refers to the IMS domain. 

Thereafter GMSC sends a routing message (IAM) to a PS 
network element responsible of exchanging signaling with CS do- 
main, in this example MGCF. This is shown as phase 4 in figure 
2. Routing and status information RSI might identify directly 
10 the MGCF to which the routing message shall be sent. Preferably 
the IAM message comprises both the E.164 number of the called 
subscriber and RSI sent with SRI_ack message in phase 3 . It 

*}\ might of course be possible than it is enough to send the E.164 

SI number only if the MGCF is able to conclude from the origin and 
1jf| the direction of the call that the call is intended to a sub- 

gl scribed identified by the MSISDN number in the message. 

;;Jf Thereafter the call set-up continues in the IMS domain. 

,! In case it is found out that the called party has registered to 

□ the IMS domain, the call is routed to the mobile terminal of the 
2jlj)j subscriber located in the IMS domain. What happens in PS network 

□ depends on features of the PS network and is out of the scope of 
J !s f this invention. However the call might be returned back to the 

CS domain, if for example is that the subscriber is currently in 
CS domain. 

25 It is assumed now, that the called party is currently not 

in the IMS domain. In this case the call set-up is routed to the 
CS domain. The MGCF sends an IAM message including to the GMSC, 
phase 5. This message preferably includes the routing and status 
information RSI ' and the MSISDN number of the called party. If 

30 the IAM message comprises routing and status information RSI' it 
is preferable than the information reflect somehow the status of 
the call. It is possible than for example the status included in 
RSI ■ message has been modified by an element in a PS domain to 
reflect the fact that the user is currently not in the CS do- 
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main. It is of course possible than the I AM message doesn ! t con- 
tain RSI' information. Also this kind of information can be used 
the GMSC to make conclusion about hoe to rout the call. 

It is worth noting that the target GMSC can be just the 
5 same node that sent the message in phase 4, but it can be an- 
other GMSC as well. 

The GMSC has to send a new SRI message inquiring routing 
information to Subscriber Locator and Rerouting function (SLRF) . 
However, this new message must differ from the SRI message sent 
10 previously in phase 2. The GMSC preferably sends the new SRI 
message including the MSISDN number of the called party and the 
modified routing and status information (RSI ' ) , phase 6. 
% The MSISDN numbers are the same but RSI' tells the SLRF 

that the GMSC has already made one routing inquiry. Based on 
W this finding, the SLRF relays the SRI message to home location 
m register HLR, phase 7. However, prior to relaying the message, 
W the SLRF modifies the content of the message so that the message 
as a whole conforms to standardized HLR query messages of the 
CI GSM system. This means that all extra information that HLR does 
29;. not understand will be dropped. 
□ An HLR is used here only as an example of an user regis- 

U ter. The user register might very well be also any other user 
register storing information relevant for determining how the 
rout calls the subscriber. This register might be e.g. Home Sub- 
25 scriber Server (HSS) used in IMS system, if the IMS and CS used 
common server to store subscriber data. 

After the HLR has received the SRI query message, it 
makes a database query and retrieves the GSM roaming number 
(MSRN) of the called party. Subsequently the HLR sends a SRI Ack 
30 message to the GMSC, phase 8. Based on the MSRN number the call 
will be routed to the visited MSC where the called party has at 
that moment registered. It should be noted that events after the 
HLR has received the SRI message from the SLRF are well known in 
the art . 
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Detailed description of the second embodiment of the in- 
vention 

The second embodiment of the invention is most relevant 
in case where the subscriber has different E164 number in CS and 
PS domains . 

FIG. 3 depicts the second embodiment of the invention. 
Phases 1 and 2 are similar that the phases presented when de- 
scribing the first embodiment of the invention and there not re- 
peated here . 

When the SLRF has received a SRI message from GMSC it re- 
sponds to GMSC by sending a SRI-Ack message to GMSC, phase 3. 
However, prior to sending the message the SLRF allocates a new 
destination identifier e.g. new E.164 number. This new number is 
preferably a number used by the subscriber in PS network. One 
possible way of implementing this kind of solution is that the 
SLRF has a database where the subscriber's CS and PS E.164 num- 
bers are coupled together. Thus by querying the database by CS 
E.164 number one would get the PS E.164 number and other way 
round . 

The newly allocated number is hereafter denoted as u a new 
MSISDN number" or u a new E.164 number". Thus, the SRI-Ack mes- 
sage contains routing and status information, which is prefer- 
able, the new MSISDN number, phase 3. 

Upon receipt the SRI Ack message GMSC checks routing in- 
formation included in the message. It finds out that the subse- 
quent inquiry has to be sent to the address revealed in the 
routing information. In this example routing information refers 
to the entry point of the IMS domain, namely to an element per- 
forming media gateway control function MGCF. 

Thereafter GMSC sends a routing message (IAM) to the 
MGCF, phase 4. This message includes the new MSISDN number. What 
happens next depends on features of the IMS domain and is out of 
the scope of this invention. However, it is assumed now, that 
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the called party is not at the moment present, in the IMS domain. 
Therefore, the MGCF of the IMS domain responds to the GMSC of 
the CS domain preferably with an I AM message including the new 
MSISDN number of the called party, phase 5. It is worth noting 
that the target GMSC can be just the same node that sent the 
message in phase 4, but it can be another GMSC as well. 

Now, upon receipt the message from the IMS domain the 
GMSC knows that the called party has not presented in IMS domain 
in order to use its services. Therefore, the called party has 
very likely subscribed to CS domain. The GMSC has to send a new 
SRI message inquiring routing information to Subscriber Locator 
and Rerouting function (SLRF) . This new message differs from the 
SRI message sent previously in phase 2 pursuant to the different 
MSISDN numbers. If the message content were exactly the same as 
the content of the previous message, the SLRF would respond with 
the same message as in phase 3, routing information of the mes- 
sage pointing again towards the IMS domain. This is avoided by 
using the new MSISDN number in the query message. 

The GMSC sends, using MAP protocol, a new SRI message to 
Subscriber Locator and Rerouting function (SLRF), phase 6. The 
SLRF translates the new MSISDN number to the original one used 
in the CS domain and detects that one inquiry has already made 
earlier. Based on this finding, the SLRF relays the SRI message 
to home location register HLR, phase 7. However, prior to relay- 
ing the message, the SLRF modifies the content of the message so 
that the message as a whole conforms to standardized HLR query 
messages of the GSM system or any other relevant standardized 
message if another user register like HSS in queried. Espe- 
cially, it replaces the new MSISDN number with the original 
MSISDN number of the called party. All extra information that 
the user register does not understand is preferably dropped. 

After the user register has received the SRI query mes- 
sage, it makes a database query and retrieves the GSM roaming 
number (MSRN) of the called party. Subsequently the HLR sends a 



14 



SRI Ack message to the GMSC, phase 8. Based on the MSRN number 
the call will be routed to the visited MSC where the called 
party has at that moment registered, phase 9. It should be noted 
that events after the HLR has received the SRI message from the 
MNP-SRF are well known in the art. 

The proposed solution described above gives a possibility 
to provide the PS preferred solution for an IMS subscriber which 
has ported from a CS domain to an IMS domain, and also gives 
possibility to reach the subscriber in the CS domain as a roam- 
ing subscriber. A great advantage is that the current function- 
ality of the user register like HLR remains untouched. It should 
be noted that the Subscriber Locator and Rerouting functionality 
can be implemented as a standalone functionality or it can im- 
plemented as a part of the existing functionality, e.g. MNP-SRF. 



